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Table 1,

Zxample of computations reguired for optimally allocating sample size

within strata.

Teken from-.deer data.

Stratun N W S W s W s as a Optimal allocation
Density proportion of sample units 41
High 9.1 0,158 697 110.1 0.25 20
Mediuvm 127.6 0.214 356 76.2 0.17 14
Low 373.8 0,628 404 2537 0.58 46
Totals 595.0 1.000 440,0 1.00 80
Definitions:

N = Total number of possible sample units 2/ rer stratum,

W = Proportion of possible sample units per stratum .

s = Number of trail and animal sightings within strata from transect

data. Used in place of standard deviation.
W s = Product of W

and s

;/ Optimal allocation values represent the number of semple units chosen for the
census (80) multiplied by W s

as a proportion.

g/ A sample unit was one square mile (2,59 square kilometers)°
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Teken from deer data,

:ble 2, Example of calculations required to derive a population estimate and variance.

/P
2 .2 2
Stratum n N W W X X s b d /w W s / n )(l-w
Density
High 52.2 243,77 0.214 0,158 140 2.7 14.2 653.9 0.014
Medium 35.9 33045 0.109 0.214 29 0.8 15.6 267.3 0,045
Low 116.5 968.2 0.120 0,628 %6 0.3 2.7 299.3 0.020
Totals 204.6 1542.4 1.000 205 1220.5 0,079
Total population estimate X = (x /w ) =1220,5 deer
2

Population mean X =X /N = 0.8 deer/kilometer2 (2.1 deer/mile”)
Variance of the population estimate S 2 = (w s 2/ n (1w )1/ = 0.079
Definitions:

n = Anount of area (kilometersz) sempled in each stratum.

N = Amount of total area included in each stratum.

N = Total area included in study area ( N ).

w = Provortion of each stratum sampled (n /N)°

) = Provortion of area included in each stratum (N /N).

% = lumber deer observed per stratunm.

b'd = Sample meen number of deer per stratum (x /n ).

s 2 = Streta variance = (x -~ x )2 n -l,

y/

The quantity 1-w is a population correction factor which may be ignored if less than 0.1,
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Table 3.

Results of the 1977-78 deer-mcose aerial census.

-
T
m
(A DEER HOOSE
g; — —
= Area Counted Deer Seen Area Counted Moose Seen
%;Density 5 % of Per Projected A % of Per Projected
Zstrata Km Stratum  No.  Xm? Total K2 Strotunm | To. Kl Total
O- —
oY)
Egiig 52,19 21.41 140 2.68 653.9 54.55 25.06 10 0.18 39.9
- hvd
jugedlum 35.87 10.85 29 0.81 267.3 - - - - -
m
gg;ow 116.50 12.03% 36 0.31 299.7% 149.39 11.28 20 0.13 177.3
Dlotels  204.56 205 1220.5 203.94 30 217.2
gg Correction faotor-g/ x 2.92 Correction factor é/ x 2
E? Correctsd total 3567.7 Corrected total 434.4
Eq Deexy@ﬁné & 2.3 Mooseyﬁﬁnz & 0.28
j Deer/mile” 6.0 loose/uile”  0.73
O
I
<
Fﬁ’ The distribution and density of moose did not warrant a medium density stratum.
=y

~  From Table 4.

j/ A velue chosen from LeResche and Rausch 1974.

4/ . 2

Study area was 1542.4 kilometers

(595.5 milesz).
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Table 4. Results of deer observability tests.

FKo. Collare&g/

~]:/ Known No. of Percent Correoﬁéﬁn
Test Date Weather Collared Dleer Deer Observed Observed Factor
February 21, 1978 Fair 11 1 9.1

February 28, 1978 Fair 5 2 40.0

Harch 10,.1978 Good 11 4 36.4

Mareh 24, 19738 Poor 11 6 54.5

Totals 23 13 34,2 2,92

1/

Weather was poor when any of the following conditions prevailed:
temperature below -28°C, a low cloud cover or snow falling.

winds at 10 mph or above,

Vhen temperature was above

-10°C, winds were light or calm, cloud cover was lizht, znd there was no precipitation,
conditions were considered good.

2/
3/

Reciprocal of percent observed.

Humber of radio-tagged deer observed by both pilot and passenger.

°ct



Plot location and statistics.

13.

... kooss_
liinutes for Areca Stratun umber
Plot Location Completion Km< Density Observed
T.62-R.11-5ec.3 21 2.1 Low 0
" " Sec.9 28 2.7 Low 2
n " Sec.17 26 2.2 Low 0
" " Sec.22 25 2.5 Low 0
T.62-R.12-8ec.25 17 2.3 Low 0
T.62-1.11-Sec.31 24 3.2 Low 0
"on Sec,35 20 2.7 Low 1
T.61-R.11-Sec. 5 20 2.4 Low 0
"oo" See. 1 18 2.7 High 5
"oom o Sec, 7 21 2.9 Low 3
""" See, 9 24 2.7 Low 0
T.61-R.10-3ec. 7 16 2.5 High 0
n " Sec.10 14 2.4 High 0
"oow o Sec.l17 25 2.8 High 0]
" Sec,l15 20 2.6 High 0
"M Sec.l3 22. 3.2 Hizh 0
T.61-R. 9-Sec.l7 17 2.9 High 3
T.61-R.11-Sec.23 15 2.0 High 0
T.61-R.12-3ec.25 24 2,8 Low 1
T.61-R.11-Sec,27 22 2.8 High 2
" " Sec.25 15 2.6 High 0
"oom Sec.3l 14 2.8 Low 3
T.61-R.10-Sec.31 23 2.6 High 0
T.60-R.12-Sec, 2 21 2.5 Low 0
7.60-R.13-Sec.11 12 2.5 Low 0
T.60-R.12-Sec. 7 18 2.6 Low 0
T.60-R.11-Sec.10 20 2.6 High 0
"o Sec,11 21 2.7 High 0
T.60-R.10-Sec. 9 16 2.9 Low 0
T.60-R.13-Sec.13 25 2.8 Low 0
T.60-R.11-Sec,15 18 2.7 High 0

DEER

Stratum
Density

Nunber
Observed

High
High
High
High
HMedium
Higzh
High
High
Low
High
High
Low
Low
Low
Low
Low
Low
Low
Medium
Low
Low
liediun
Low
Medium
High
High
Low
Low
Low
High

Low
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14,

Plot Location

Minutes for
Completion

T.60-R.10-5ec.18
T.60-R.1%-Sec.21
"o Sec,22
T.60-R.12-Sec.21
"noom o Sec.24
T.60-R.13-Sec.29
T.60-R,11-Sec.26
"M Sec.35
T,60-R.10-Sec. 31
T.59-R.12-Sec.4
T,59-R.10-3ec. 6
T.59-R.13%3-3ec. 8
"oon o Sec.ll
T.59-R.12-8ec.12
" " Sec, 138
" " Sec.l3
T.59-R.1%-Szc.22
T.59-1,11-5ec,23
T.59-R.13-3ec,.27
T.59-R.12-3ec.28
T.59-R.14=Sec.35
T.58-R.12-Sec, 4
T.59-R.11-Sec,.31
T.58-R.1%3-3ec, 5
T.58-R.12-Sec. 4
T.58-R.11-Sec, 5
T.58-R.14-Sec,11
T.58-R.12-Sec.12
T.58-R.14-Sec.15
""" Sec.l3
" Sec.20
" " Sec.23
" " Sec.24

22
31
20
19
15
27
23
20
18
21
23
20
17
21
30
19
19
14
11
16
20
14
17
20
14
17
20
20
20
25
26
20
18

Area
Kme

2.5
2.6
2.3
2.5
2.6
2.9
2.4
2.6
2.6
2,2
2.4
2.3
2.3
2.2
3.4
2.7
2.4
2.5
2.6
2.3
2.6
2¢3
2.4
2.3
1.8
2,0
2.3
2.7
2.7
2.9
2.8
1.6
2,2

FHOOSE DEER
Stratum Iumber Stratun umber
Density ~ Observed Density Observed

High 0 Low 0
Low 0 High 10
Low 0 High 9
Low 0 Low 0
Low 3 Low -0
Low 0 High 7
High 0 Low 6
High 0 Low 0
High 0 Low %
Low 0 Medium 0
Hich 0 Low 1
Low 0 Low 0
Low 0 Low 0
Low 0 Low 0
Low 2 Low 4
Low 0 Low 0
High 0 Low 0
Low 0 Low 0
High 0 Low 0
Low 0 Low 0
Low 0 Low 1
Low 0 Low 2
Low 0 Low 0]
Low 0 Low T
Low 0 Low 0
Low 0 Low 0]
Low 0 Medium 2
Low 0 Low 0
Low 0 Medium 2
Low 0] Medium 0
Low 0 High 14
Low 0 Low 2
Low 0 Medium 1
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MOOSE DEER
Minutes for ‘Area Stratum Number Stratun Number

Plot Location Completion Kn® Density “ Observed Density Observed
T7.58-R.12-3ec.22 17 1.9 Low 0] Low 0
T.,53-R.14 -3ec.30 22 2.6 Low 0 High 8

nooor Sec.3l 23 2.7 Low 0 High 10

" " Sec.?2 25 2.3 Low 0 High 10

" " Sec.%3 21 2.5 Low 0 liedium 0

n " Sec.34 26 2.5 Low 0 ledium 9
T.58-R,13~-3ec. 36 15 2.5 Low 3 Low 2
T.57-R.13+Sec. 5 26 2.6 Low 0 Medium 0
T,57-R.12-Sec. 6 18 2.8 Low 0 Low 0
T.57-R.14-Sec. 9 21 2.6 Low 0 Low 0
T.57-R.13-5ec. 7 25 2.9 Low 0 Hedium 2
T.57-R.12-Sec. 7 18 2.8 Low 0 Low 0
T.57-R.14-Sec.23 15 2.8 Low 2 Low 0

"o Sec.24 17 2.7 Low 0 HMedium 0
T.57-%.12-Sec.19 22 2.8 Low 0 Low 2
T.57-R.14-Sec. 36 24 2.0 Low 0 Migh 5
Totals 1624 204 .4 380 30 80 205

lheans 20 2.6

S —— -
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APPENDIX IT

Floyd, T.J., L.D. Mech, and M.E. Nelson. 1978.
An improved method of censusing
deer in deciduous~coniferous forests.

Submitted - J. Widl, lianage.
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AN IMPROVED METLOD OF CENSUSING DEER IN

DECIDUOUS~CONIFEROUS FORESTS

Aerial censusing has been used to determine densities of many large mammalsg,

including deer (Odocoileus virginianus) in agcicultural areas or deciduous

forests (Saugstad 1942, Morse 1946, Petrides 1953, Sanderson 1953, Berner pers.

Comm.). However, observability of deer from .the air remains a problem in

A

northern coniferous forests. LeResche and Rausch (1974) determiged that even

’

with the much larger and more observable moose (Alces alces) dufiﬁg ideal snow
conditions, experienced observers only counted 68 percent of a known number of
animals; inexpericnced obscervers counted 43 percent. Caughley (1974) and
Cadghley et al. (1976) suggested that the best solution to the problem of
observability in aerial censuses 1 to mecasure the magnitude of the bilases that
exist, and correct estimates accordingly, This paper describes an atttmpt to

measure observability bias in an aerial census of deer in deciduous-coniferous

habitat and to producc an accurate estimate of numbers.

STUDY ARIA
The study was cénductcd in a 393 to 399 kmz portion of the Superior National
Forest (SNF) in Lake County, Minaesota lying northeast to northwest of Isabella.
The area included parts of Towuships 59, 60, and 61 North in Ranges 8, 9, and

10 West of the Fourth Principle Meridian.,
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The vegetation of the study area is mostly maturing coniferous-deciduous
forest. TFew unmixed stands remain except in lowlands, which occupy about
one~third of the area and are dominated by white and black spruce (Picea

glayca and mariana)., Balsam fir (Abies balsamea), red pine (Pinus resinosa)

jack pine (Pinus banksiana), aspen (Populus tremuloides), and birch (Betula

Y

papycifera) predominate in the uplands. About 25 percent of the upland consists
of red pine and jack pine plantations. Much of the area has %eén cutover since.
1935 (Peek et al. 1976), and is still being logged on a small:écéle.

Deer had declined in the region from 1968 through 1974, and ;n area of more
than 3,000 km? Just north of the study areca has been devold of wintering deer
since 1972 (Mech and Karns 1977). Some deer immigrate into the study area to
winter, usually by December (Nelson 1977), but there is no evidence that deer

resident in the study area emigrate in winter. Thus our winter estimates

probably exceed the actual number of deer inhabiting the study area for most of

the year.,

METHODS

Our census technique involved twc basic steps: (1) aerially counting deer
in census plots, and (2) testing the observability of deer in test plots
'similar to the census plots. We conducted three“censuses, from 7 December
1975 through 4 January 1976, from 25 January through 11 February 1977, and
frqg»IB February through 3 March 1978. Maximum snow depths during the three
censuses were 61, 46, and 73 cm, while minimum temperatures were -37C, -40C,
and -35C¢. The c0ung;i%§Sed on stratified random sampling with optimal
ailocétion of somple plots, a type of sampling‘particularly applicable to

‘populations with clumped distributions (Cochran 1967). Census stratification
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and plot allocation were based on aerial strip surveys of deer and tracks in
transects .8 km apart, involving 7 hours of flying. Plots within high,
medium, and low density strata were chosen at random. Several workers have
used this design in estimating populations of big game animals and describe
the technique in greater detail (Peek et al. 1976; Siniff and Skoog 19064).

| Qur censuses were nade under clear to brightwclOUdy light“sonditions at
altitudés from 60 to 150 meters above ground from a Piper PA—léA;lSO Super Cub
ailrcraft. The Super Cub proved highly advantageous because of:ité mancuverability
and ability to fly at low speeds and altitudes.

Both pilot and passenger (senior author) searched the plots intensively in
a series of over-lapping circles such that each piece of ground was observed at
least once. Whenever a deer was sighted, the pilot was requested to circle until
the observer was satisfied that as many animals as possible were observed. Census
plots were approximately 2.6 ln? each with boundaries based on identifiable
landmarks such as ridges or streams, and averaged 17 minutes each for completion.
We censused 40 to 45 plots each year.

Qe used radio-tagged deer (Hoskinson and Mech 1976;‘No?son and Mech in prep.)
to test our observability bias 1n the census. ETTNir+y'radio—tagged deer with
color-coded collars were available, ten in winter 1975«76) four in 1976—7%;“Jd /6 1N
(Nelson 1977). rhe collars did not seem conspicuous enough to increase the
observability of the deer. Test plots of 1.3 to 2.6 Km? containing radioed deex
were located on maps by an impartial observer and a pilot other than the census
pilot (Table 2). Test plots were then searched within the next few hours by thg
senior author without redio telemetry, using the same pilot, plane, and search
techniques as in the counts. In several instaﬁces the same deer were used
during Aifferent days but only 1f their locations changed between trials. The

test plots were located in the same region as the census area, allthough not
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actually within the census area. Weather and cover variation among plots and
tests was similar to that during counts. Thus we assumed that the proportion
of collared deer missed in the test plots approximated the proportion of deer
missed in the census plots. Correcting census data with the figures thus

derived gave an estimate of the actual deer density.

RESULTS AND DISCUSSION ,
Deer were observed under forest conditions varying from opéﬁ éanopy to
an estimated 80 percent closed canopy. In winters 1975-76, 1976-77, and 1977-78,
51, 55, and 69 deer were scen during the censuses. However, the low density
stratum constituted an increasing proportion of the cen us area each year, from
62 percent 1n 1975-76 and 63 percent in 1976-77 to 79 percent in 1977-78.
Furthermore, the number of deer secen in the low density stratum dropped from
.16/km2 in 1975-76 through .15/km? in 1976-77 to 0 in 1977-78 (Table 1).
.Therefore, when these densities are projected to the entire study area the mean
number of deer seen actually decrcased from .40 deer per km? 1n 1975-76 to
.33 in 197677 and .20 in 1977-78.
The observability tests indicated that 56 percent of the deer were seen during
the first winter, and 50 percent during the second and third (Table 2).
Correcting the census results by multiplying them times the reciprocals of the

observability figures for each year yields total estimates of .70, .66, and .40

deer per km?2 (Table 1).
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The observability of collared deer remained reﬁarkably constant between test
days and between winters despite variable weather (Table 2). The results of the
observability tests indicatechat, with the Intensive search method of counting
deer under the conditions in our study, approximately half of the deer are seen.

To apply our technique for correcting aerial censuses of deer over large
argas; we suggest that observability tests be made several timgs.during the
census, because ground and weather conditlons can change throughput the census,
and that deer observability be tested in different cover typeé,“with separate
correction factors applied for each type.

‘ Although observability tests add substantial expense to a deer census,

they increase the accuracy of the results considerably. Furthermore monitoring
the movements of the radioed deer provides significant dnsight into scasonal
migration patterns and distribution, phenomena that other deer census methods
.have failed to consider. Such insight puts census data into both seasonal and
areal perspective.

It is not yet clear whether our census technique is sensitive enough to make
precise year~to-year comparisons. However, 1t certainly'is accurate enough to

providc an excellent indication of gross deer density and to document the fact

that in the present study area, deer numbers are exceptionally low.
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Table 1. RESULTS OF THREE AERIAL CENSUSES

‘1@ 3e phopy

1975-76 1976-77 1977-78%/
Area counted Deer seen Area counted Deer seen Area counted Deer seen
Jensgity 7 of " Per Projected % of Per Projected % of Per Projected
Strata kr? stratum Ko. :kmz’ - Total km? s tratu’{n No. km? Total km? stratum No. km? Total
Iigh 50.8 41 %40 .79 97.6 56.4 71 37 .66 52.1 72.0 88 69 .96 78.4
‘edium 4.5 15 3 .67 20.0 18.2 26 11 .60 42.3 - - - - -
Low 49.5 21 8 .16 38.1 46.3 19 7 .15 36.8 33.0 11 0 0 0
104.8 Total 155.7 121.4 : Total 131.2 105.0 . Total 78.4
corrected faccorgj x 1.77 correction factorg/ x 2.00 correction factorg/ x 2.00
corrected total 276 corrected total 262 corrected total 157
deer/km? .70§/ deer/km? .662/ deer/km? .402/

./ Beczuse of Increase d winter severity, deer were more concentrated, so there was no medium density stratum.

/ From Table 2.

/ Study area was 393 km? in 1975-76, 399 km? in 1976-77, and 395 in 1977-78.

\l‘i .

BOSUQD I3[~~~
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TABLE 2. Kk=3ULTS OF DEER OBSERVABILITY TESTS

Test Known Number of Number Co'llaredZ Percent Correction
Date T ~ Weather - Collared Deer . Deer Observed Observed . Factors
2
Jamcdy 8, 1976  Fair 6 3 50.0
=
Janué%y 9, 19756 Good 10 6 60.0 -
=
ps
Tota® 1976 16 9 56.3 : 1.79
()
:3; Fair to
Febrinry 3, 1977 pcor 4 2 ' 50.0
-4 .
Febr?gry e, 1977 Good 4 2 50.0
H .
o
Totaﬂ%l977 .8 4 50.0 2.00
s 4
19
Febr%éry 28, 1978 Fair 7 4 - 57.0
ra
Marc%ilZ, 1978 Good 3 1 33.0
Marcéle, 1978 Fair 6 3 50.0
Py .
e
Totaimnl1978 16 8 50.0 2.00
< .
m
=

1/ Weather was considered poor when any of the following conditions prevailed; winds high,

- . i

temperature below -28° C, cloud cover low, or snow falling. When temperature was'gbove «100 c,
winds were light or calm, cloud cover was light, and there was no precipitation, conditions
were considered good.

2/ Number of radio-tagged deer observed using both pilot and passenger.

3/ Reciprocal of percent observed.

50SUDD 123D ==~ ‘10 39 PAOTA
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